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ABSTRACT 



Results are discussed of an X-ray and optical observation campaign of the low-mass X-ray binary A 1246-58 performed with in- 
struments on Satellite per Astronomia X ('BeppoSAX'), the Rossi X-ray Timing Explorer (RXTE), the X-ray Multi-mirror Mission 
('XMM-Newton'), the Swift mission, and the Very Large Telescope. Spectra and flux time histories are studied. The most important 
results are the lack of hydrogen spectral features in the optical spectrum, supporting the proposition that this is an ultracompact X-ray 
binary (UCXB), the determination of a 4.3 kpc distance from time-resolved spectroscopy of thermonuclear X-ray bursts, and the 
detection of intermediately long thermonuclear bursts as seen in a number of other UCXBs. There is evidence for a Ne/0 abundance 
ratio in the line of sight that is higher than solar and variable. This may be due to different changes in the ionization degrees of Ne 
and O, which may be related to the variable irradiating flux. We discuss the spectral variability and the peculiarities of the long-term 
light curve. 

Key words. X-rays: binaries - X-rays: individual (A 1246-58) - accretion, accretion disks - stars: neutron 



1. Introduction 

Ultracompact X-ray binaries (UCXBs) consist of a dwarf star 
, that is overflowing its Roche lobe and transferring matter via 
■ an accretion disk on an accompanying neutron star (or black 
' hole, although such a case has not been identified yet) in an or- 
. bit with a period shorter than 80 min. The period threshold im- 
' phes that the donor star is hydrogen deficient (e.g.. lNelson et al.l 
: il986 >) because a hydrogen-rich donor would not fit in the Roche 
1 lobe. The discovery rate of (candidate) UCXBs has increased 
in recent years. Currently, there are 9 UCXBs with measured 
orbital periods, 4 with tentative period measurements, and 15 
systems with other indications that they are ult racompact (e.g., 
iNelemans & Jonkei<2006Hin 't Zand et al.l2007t') . The fraction of 
ultracompact systems in the group of Galactic low-mass X-ray 
binari es (LMXBs) is large: presumably of the order of 50% or 
more din 't Zand et al .1120071) . 

The source A 124 6-58 was discovered three decades ago 
(ICarpenter et al.l Il977h . Dedicated X-ray observations were 
sparse during the first two decades with only one (unpublished) 
EXOSAT observ ation. A serendipitous detection o f an X-ray 
burst in 1997 (P iroetal.1 119971: iBoller et al.1 1 19971) identified 
A 1246-58 as a LMXB, with a neutron star as accretor. In 2005 
we initiated a vigorous observation campaign of this object to 
obtain a more complete picture of the properties of this LMXB, 
encompassing X-ray as well as optical observation s. Preliminary 
results have been published in ' Bassa et aTl ( 20061). who identi- 
fied a y = 19.45 optical counterpart, and in lJonker~ et al. (2007) 
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who found a quasi-periodic oscillation of exceptional high fre- 
quency (1258 Hz) and the highest amplitude among LMXBs. 
Based on an optical to X-ray flux ratio that is relatively low 
for an LMXB, A 1246-58 was identified as a candidate UCXB 
jBassa et al.ll2006h . 

We discuss in this paper results from the observation cam- 
paign on A 1246-58. The data were taken with state-of-the-art 
instrumentation such as the European XMM-Newton X-ray ob- 
servatory and the Very Large Telescope. The new data focus 
on X-ray bursts and on measurements of the X-ray and opti- 
cal spectra. In Sect. |2] an overview is provided of all observa- 
tions. Section [3] discusses the analysis results on the acquired 
data sets. Finally, in Sect.H] the results are discussed in the con- 
text of UCXBs and accretion disk theory. 



2. Observations and data reduction 

The observation campaign comprises of X-ray and optical data 
from 9 instruments on 4 space-borne and 1 ground-based facihty. 
Table [T] summarizes the observations. 



2.1. BeppoSAX 

The Satellite per Astronomia X ('BeppoSAX') observatory 
jBoella et al.|[T997l) . operational between June 1996 and April 
2002, carried the Wide Field Camera (WFC) instrument package 
consisting of two identical X-ray cameras each with a field of 
view of 40°x40° pointing in opposite directions, a bandpass of 2 
to 30 keV and a spectral resolution of 20% full width at half max- 
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Table 1. Overview of all data sets on A 1246-58. 



Facility 


Instrument 


Wavelength/ 
photon energy 


Data modes 


Dates 


Exposure time 
(ks) 


BeppoSAX 


WFC 


2-30 keV 


Normal 


Jul 96 - Apr 02 


8x10'' 


RXTE 


ASM 


2- 1 2 ke V 


Normal 


Tan Q6 - Tnl 07 


4.5x10^ 




PCA 


2-60 keV 


Normal 


Dec 05 - Jun 07 


104 


Swift 


XRT 


0.3-10 keV 


WT 


Aug 11, 06 


12 


XMM-Newton 


EPIC-PN 


0.6-12 keV 


Fast Timing 


Aug 31, 06 


41 




EPIC-MOS 


0.3-10 keV 


Timing+Ima 








RGS 


0.6-1.6 keV 


Normal 








OM 


U-band 


Fast+ima. 




36 


VLT 


Antu+F0RS2 


380-830 nm 


Spectrosc. 


Apr+May 06, Jan 07 


10 



imum (FWHM) (I Jageret al.1ll997h . Exc ept for a de dicated ob- 
servation program on the Galactic center din 't Zand et al. 2004), 
the cameras were pointed randomly at the sky. For a total of 8 
Msec, A 1246-58 was serendipitously in the field of view of ei- 
ther camera. The sensitivity of the WFCs and the flux of A 1246- 
58 was such that the source was always near the detection thresh- 
old and we refrain from an analysis of the data on the persistent 
emission and focus on four detected X-ray bursts. 



2.2. RXTE 



The Rossi X-ray Timing Explorer (RXT E) carries three in 



Levine et al 
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2006) 



struments: the All-Sky Monitor (ASM; 
the Proportional Counter Array (PCA; iJahoda etal 
and the Hig h-Energy X-ray Timing Experiment (HEXTE; 
iRothschildet al. 1998 ). The ASM observes approximately 80% 
of the sky each 1.5 hr orbit during one or several 90-s dwells 
by its three cameras. A 1246-58 is far from the ecliptic, which 
implies that it is covered throughout the year. The bandpass is 
the traditional X-ray band between 2 and 12 keV. The source 
is in a relatively clean part of the sky, which precludes source 
confusion and ensures optimum sensitivity. A 1246-58 is fairly 
weak for detection with the ASM. Therefore, the data of approx- 
imately one week of observations need to be combined to obtain 
a significant signal (see Fig.[3]upper panel). 

Between Dec 16, 2005, and June 25, 2007, we carried out 
a monitoring campaign with the PCA and HEXTE (under ob- 
servation id 90042), by performing 1 ks snapshot observations 
once a week. PCA and HEXTE data are the only data that cover 
photon energies above 10 keV. The PCA consists of 5 propor- 
tional counter units (PCUs) with co-aligned collimated fields of 
view of l°xr (FWHM), a 2-60 keV bandpass and a total ef- 
fective area of 8000 cm^ at 6 keV. The HEXTE consists of two 
clusters of four detectors with a total area of 1600 cm^ in the 10 
to 250 keV band. As the PCA, it is a non-imaging device with 
the same field of view as the PCA. The 1 ks exposure time is 
insufficient for a HEXTE detection that allows for a meaningful 
analysis. Therefore, we refrain from doing such an analysis. In 
total 78 observations were ca iTied out with a total PCA exposure 
of 56 ks. lJonker et alJ (l2007h discussed the first 55 observations. 

The PCA monitoring campaign also provided triggers for 
longer target-of-opportunity observations (TOOs) with the same 
instrument (under observation id 92020) once the flux rose to a 
higher value. We carried out three TOO campaigns, for a total 
exposure of 48 ks. 



2.3. Swift 

The Swift mission, launched in September 2004, is an observa- 
tory with a quick slewing time (of order 100 s), which is pri- 
marily used to study gamma-ray bursts (GRBs ). It carries three 
instruments. The Burst Alert Telescope (BAT; IBarthelmv et al.l 
2005} has a wide field of view (2 sr) in a 15-150 keV bandpass, 
with full-width at half-maximum resolutions of 17' and 7 keV, 
respectively. The large field of view results in many serendipi- 
tous measurements of hard X-ray sources (Krimm et al. 2006j), 
including A 1246-58 (see Fig. [3] middle panel). The BAT de- 
tects randomly occurring GRBs in its field of view. The position 
of these GRBs is determined automatically on board and, de- 
pending on a figure of merit, the platform is slewed to that GRB 
so that it comes in the field of view of the narrow-field X-ray 
Telescope (XRT:'Burrows et al.l2005h and UV Optical Telescope 
(UVOT; Roming et al. 2005). The bandpass and effective area of 
the BAT is such that it is also able to detect bright X-ray bursts, 
which typically have black body spectra with peak temperatures 
of kT ~3 keV. Usually, X-ray bursts do not invoke an automatic 
slew, because there is a black-out list of known X-ray bursters 
on board to prevent such slews (X-ray bursts do not belong to 
the primary scientific objectives of the mission). 

On Aug 11, 2006, at 02:59:55 UT, an X-ray burst was de- 
tected with BAT from A 1246-58, which delivered a trigger (trig- 
ger number 223918). The BAT light curve is presented in Fig.[T] 
In 15-25 keV, the burst was detectable for approximately 100 
s. Since at the time A 1246-58 was not in the black-out list, 
this triggered an automatic slew of Swift to the 3'-accurate BAT- 
determined position. The XRT and the UVOT were on target af- 
ter 193 s at 03:03:08 UT. Th e X-ray burst w as still ongoing and 
was detected with the XRT jRomano et al.ll2006; Kong 20061) . 
No signal was detected in the UVOT. Swift remained on target 
for the next 8.76 hr, during 6 orbits, until 1 1:45:43 UT. 

The XRT has a Wolter-I-type miiTor system with a focal 
length of 3.5 m and a spatial resolution of 18" half-power di- 
ameter at 1 .5 keV. At its focal plane is a 600x600-pixels CCD 
with the same design as the EPIC MOS on XMM-Newton (see 
Sect. 1231). The field of view captured with the CCD is 23'x24' 
and the pixel size is 2'.'36. The peak effective area is 1 10 cm^ at 
1 .5 ke V. The spectral resolution varies between 50 e V at 0. 1 ke V 
to 190 eV at 10 keV (full width at half maximum FWHM). 

After acquiring an image for a refined position, whose 4'.'7- 
radius eiTor circle (90 % confidence) conta ins the optical coun- 
terpart of A 1246-58 dRomano et alj 1200 6). XRT was set to 
Windowed Timing (WT) mode at 03:08: 16 UT for the remainder 
of the observation. This implies that the CCD columns are col- 
lapsed and only the central 200 out of the 600 pixels are read out, 
resulting in a 1 -dimensional image with a frame time of 1.7 ms. 
For the photon count rates encountered in our observation (50 
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Fig. 1. Light curve of A 1246-58 in 15-25 keV data from Swift- 
BAT, at 4 s resolution. This is a 'mask-weighted' count rate his- 
tory, meaning that the background is subtracted. This signal trig- 
gered Swift to slew the narrow-field instruments to the source, 
resulting in the measurement depicted in Fig.|2] 
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Fig. 2. Light curve of A 1246-58 in full bandpass of Swift-XRT 
at 60 s resolution. The measurements starts 193 s after the burst 
trigger. 



s~ at maximum), this implies a pile-up fraction of less than 1%, 
which is ignored in the analysis. We employed the 1-dimensional 
image for the whole observation in sky coordinates to define an 
extraction region with a commonly used width of 40", centered 
on the source, to extract source photons and on an empty part 
well outside the point-spread function (PSF) of the source to ex- 
tract background photons. The photon rate in the whole band- 
pass of the background region was found to be 0.16 s ' and of 
the source region at least 10s"'. Thus, the background contribu- 
tion is negligible, although it was taken into account throughout 
our analysis. 

Figure|2]shows a light curve of the photon rate in the source 
region of all WT data. The decay of the burst is clearly visible 
in the first orbit. The five subsequent orbits show a variable ac- 
cretion photon flux between 9 and 14 s The burst appears to 
decay to a level similar to the average flux in the last orbit (1 1.5 



The extraction of Swift-XKY data was done with version 
2.0. 1 of the XRT, as embedded in version 2.6.1 of the Swift soft- 
ware package. We calculated exposure maps per orbit (taking 
into account 'hot' pixels) using the tool xrtexpomap and effec- 
tive area arrays as a function of photon energy per orbit using 
the tool xrtmkarf. Spectral bins were grouped such that each 
resulting bin contains at least 20 photons to justify the use of the 

statistic as a goodness-of-fit parameter. 

5w//f-BAT detected a 2nd X-ray burst on October 13th, 2007 
(see Fig.O that did not trigger XRT follow-up observations. 

2.4. XMM-Newton 

XMM-Newton carries 5 X-ray instruments behind 3 identi- 
cal X-ray telescopes, each with a 1500 cm^ collecting area. 
It also carries the Optical Monitor. For two X-ray telescopes, 
half of the radiation goes to two European Photon Imaging 
Cameras (EPIC ) of the Metal-Oxid e Semiconductor (MOS) con- 
ductor variety (iTurner et al.l 1200 lb . These are sets of 7 front- 
illuminated CCDs. The other half of the light from the two tele- 
scopes g oes to Reflect ion Grating Spectrometers (RGSl and 2; 
den He rder et al.ll200ll) . The full light of the third telescope goes 
to an E PIC p-n-junction ('p n') CCD, a set of 12 back-illuminated 
CCDs (IStriider et al.l200ll) . The optical monitor (OM) is a 30 cm 
optical/UV telescope with a resolution of 1", a field of view of 
17', a limiting B -magnitude of 20.7 (for 1 ks i ntegration) and a 
bandpass of 160 to 600 nm (iMason et al.ll200ll) . 

XMM-Newton observed A 1246-58 for 41 ks starting Aug 
31, 2006, 21:02 UT. EPIC PN was set in Fast Timing mode in 
which only the central CCD, covering 13f6x4'4, is read out ev- 
ery 0.03 ms with preservation of image information along one 
axis only (the 4'4 side) and full energy information. EPIC MOS 1 
was set in Full Frame (imaging) mode while EPIC MOS2 was 
set in Fast Uncompressed Timing mode, which is also full imag- 
ing mode except for the central CCD that is read out like EPIC 
pn in Timing Mode with a time resolution of 1.5 ms. The two 
EPIC MOS cameras had the filter positioned in 'thin- A' position 
and EPIC PN in 'thin'. The MOSl data suff'er somewhat of out- 
of-time events. The source position measured from the MOSl 
image is 0-2000.0 = 12H9"'39;56, ^2000.0 = -59°05'18'.'4 with an 
uncertainty of 2" (rms, including s ystematics). This is 4'.'0 from 
the optical counterpart proposed bv lBassa et alj ( l2006h . which is 
within 2cr consistent. The optical monitor was operated in the 
'Image + Fast Mode' with the U-band filter in front with a band- 
pass between 300 and 400 nm. 

All data were analyzed with S AS version 7.1.0, and the stan- 
dard pipeline products were employed as a basis for extraction 
of science data products (light curves and spectra). 

The X-ray observation was hindered by particle flaring for 
17% of the time according to standard criteria (e.g. for EPIC 
PN: the rate of PATTERN=(S photons above PI channel 10000 was 
0.35 s"' or larger) and this portion of the observation was ex- 
cluded from further analysis. For further EPIC pn Timing Mode 
analysis source photons were extracted between RAWX values 
of 30 and 46, for pixel patterns below 5 and grade 0, and for 
background photons between 10 and 26. The net source pho- 
ton rate is 38.08 ± 0.04 s"' and the background rate 5.3 s"' 
(full bandpass). For EPIC M0S2 Timing Mode analysis, pho- 
tons were extracted with RAWX from 294 to 3 14 and PATTERN=0. 
Background photons were extracted from the same CCD for 
RAWX from 258 to 277, which is weU outside the PSF of the 
source. The net photon count rate is 10.5 + 0.02 s '. The RGSl 
net photon count rate is 0.846 + 0.005 s"' (1st order only); for 
RGS2 this is 1.123 + 0.006 s The light curve shows no long- 
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term trends during the observation and the Fourier power spec- 
trum shows white noise above 10 Hz (with a few instrumental 
features; Kuster et al. 2002) and red noise below that. F or de- 
tails on high-frequency variability see Uonker et al.l (l2007b . 

We used standard analysis threads for the extraction of X- 
ray spectra from EPIC PN and EPIC M0S2 data and employed 
rgsproc forRGS. The spectral channels were grouped such that 
each group contains at least 25 photons. The bandpass for EPIC 
pn was restricted to between 0.6 and 12 keV, for MOS2 between 
0.3 and 10 keV (following Kirch 2006) and for RGS between 0.6 
and 1 .6 keV. A more elaborate discussion of the RGS spectrum 
is presented elsewhere (Paerels et al., in prep.). 

2.5. Very Large Telescope 

Optical spectra of A 1246-58 were obtained with FORS2, the 
low dispersion spectrograph of ESO's Very Large Telescope in 
Chile. On April 29, 2006, 2600 s exposures were taken with 
the blue 600 lines mm ' (600B) and the red 600 lines mm ' 
(600RJ) grisms, providing a mean dispersion of 1 .50 A pix"' and 
1.63 A pix"', respectively. During the blue exposure the seeing 
was 0'.'7, but it had degraded to 1'.'3 during the red exposure, con- 
taminating the spectrum of the optical counterpart to A 1246- 
58 with that of a nearby star Two more 2600 s exposures us- 
ing the 600RJ grism were obtained on May 5, 2006, but also 
lacked adequate seeing (r.'3 and r.'6). On January 27, 2007 a 
2600 s 600RI spectrum was obtained under 0'.'7 seeing condi- 
tions, which fulfilled our observational constraints. The signal- 
to-noise of this spectrum is much better than that of the other 
three 600RI spectra and in the analysis below only the 2007 
600RI spectrum is used. All observations used slits of 1" and 
were obtained in multi-object mode, capturing spectra of both 
object X, the counterpart of A 1246-58, and object A, a nearby 
blue object (Bassa et al. 2006). 

The observations were corrected for bias and the sky was 
subtracted using clean regions between the stars along the 
slitlets. The spectra were extracted using an optimal extraction 
method similar to that of Horne et al. (1986) and wavelength and 
flux calibrated using observations that were obtained as part of 
the VLT standard caUbration plan. 

3. Data analysis 

3.1. X-ray variability 

In Fig. [3] the monitoring results obtained with ASM, PCA and 
BAT are plotted. The ASM light curve (top panel) is the longest 
observation series, extending over 12 years. Variability is ap- 
parent on two time scales: one week and hundreds of days. 
The peak-to-peak amplitude is a factor of about 8. The aver- 
age flux is 0.496±0.005 ASM c s~', after accounting for a bias 
level of 0.075 ASM c s ' dRemillard & Le vine 1997) or roughly 
9.4x10"" erg cm^^s"' (2-10 keV). For a distance of 4.3 kpc (see 
Sect. l3.2l l this translates to a luminosity of 2.1 x 10"'^ erg s"'. 

The middle panel shows the BAT monitoring results. These 
data are of limited statistical quality, due to the high value of 
the low-energy threshold (15 keV), but they show that no unex- 
pected high-energy behavior occurs. 

The bottom panel shows the results of the PCA monitoring 
campaign (only obsid 90042-02) in terms of calibrated energy 
flux. Average spectra were extracted for each PCA observation. 
These were, between 3 and 20 keV, modeled with a comptonized 
spectrum multiplied by absorption, see Sect. 13. 31 The equivalent 
hydrogen column density was fixed to A^e =4x10^' cm"^ (see 
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Fig. 3. (1st panel) 12 year long history of detected photon rate 
of A 1246-58 as measured with the RXTE ASM. Indicated are 
the burst detections with the BeppoSAX WFCs, ASM and Swift; 
(2nd panel) same light curve, zoomed in on last 1.5 yr; (3rd 
panel) ^vvZ/f-BAT-measured history of 15-25 keV photon count 
rate; (4th panel ) PCA-measured history of 2-10 keV energy flux. 
All data have a 1-week time resolution. The last panel indicates 
the data point for which kilohertz Q POs were detected. It is an 
updated version of a similar figure in lJonker et al.l (l2007h . 

spectral analysis below), which is hardly noticeable in the 3-20 
keV bandpass. Subsequently, we determined the energy flux be- 
tween 2 and 10 keV. These data are of much higher quality than 
the ASM data and they provide a clearer picture of the variabil- 
ity. It is noted that no other hi gh-frequency QPOs were found 
apart from the ones reported bv lJonker et al.l ( l2007b . 

3.2. X-ray bursts 

We carried out a time-resolved spectral ana lysi^l of the four 
WFC bursts by modeling the spectrum with an absorbed black 
body (for details about the absorption model, see Sect. I3.3l l as a 
function of time and measuring the evolution of temperature and 
emission area, see Fig. HI The persistent emission was neglected 
because it is less than 1 % of the total emission at the burst peak. 

All bursts are fairly long, with e-folding decay times between 
about 50 and 100 s. Also, they are Eddington limited. The effect 
of the Eddington limit is most clearly seen in the evolution of the 
size of the emission region for the first two bursts as measured 

' XSPEC version 12.3. Ix jAmaud [199^ : iDorman & Arnaud 1200 ih 
was employed for X-ray spectral analyses. 
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Fig. 4. Time-resolved spectroscopy of the 4 bursts detected from A 1246-58 with the BeppoSAX WFCs. 



through the radius of an isotropically radiating sphere. There is 
clear expansion of the photosphere. In particular, during the first 
burst the photosphere expands by two orders of magnitude in 
radius. In cases where a change in emission region size is not 
strong, an indication of near-Eddington fluxes is suggested by 
the prolonged rising of the temperature. This takes up to 100 s 
to reach the peak value for the first two WFC bursts and 20 to 
30 s for the latter two. The long-duration rise of the temperature 
is hkely due to a photosphere that is receeding to the neutron 



star surface after an expansion due to super-Eddington fluxes. In 
non-Eddington-limited bursts, rising high-energy fluxes last less 
than 1 s unless hydrogen is present, which in our ultracompact 
case is unlikely. The peak unabsorbed bolometric flux is compa- 
rable over the four WFC bursts, at (9.5 + 0.5) x 10"** erg cm^^s"^ 
If this is equivalent to the Eddington limit for a hydrogen-poor 
atmosphere (as expected for a UCXB) of 3.8 x 10^** erg s ', we 
derive a distance of 5.8 kpc. Correcting for a gravitational red- 
shift of z = 0.35 at the surface of a canonical neutron star (i.e.. 
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Fig. 5. Time-resolved spectroscopy of X-ray burst detected with 
Swift-XRT. Note the lack of XRT data during the first 201 s of 
the burst. Therefore, the brightest parts of the burst were missed 
by this instrument. 



with a mass of 1.4 Mq and a radius of 10 km) decreases the lu- 
mino sity for a distant o bserver by a factor of (1 -H z)"^ = 0.55 
(e.g., iLewin et"anil993h . As a result, the distance decreases by 
a factor of 0.75 to 4.3 kpc. Furthermore, scattering of the black 
body photons by electrons in the NS atmosphere, particularly 
when the flux is near Eddington, will alter the spectrum and at 
the l east introduce unce rtainties in the distance of order 10% 
(e.g.. lLondon et al.lll986l) . 

The Swift burst was initially detected with the BAT and fol- 
lowed up with the XRT. One spectrum was extracted from the 
BAT data, during the peak between -20.0 to -1-9.7 s from the 
trigger time (see Fig. [TJ. Applying a higher time resolution is 
not useful given the low count rate. The 15-30 keV spectrum 
was fitted with a black body (absorption is not relevant in this 
bandpass) and we find kr = 2.8 + 0.2 keV and a flux of 
(1.4 ± 0.2) X 10-^ erg cm^^g-' (j^l = 0.55 for v = 10). This 
translates to a bolometric flux of 7.4 x 10"*^ erg cm"^s"\ which 
is, within error margins, equal to the value found for the WFC 
bursts. The longevity of the rising > 15 keV flux (35 s) suggests 
super- Eddington fluxes. 



The data from the sensitive XRT traces the faint end of a 
burst and it is necessary to take into account the persistent emis- 
sion: the persistent spectrum was modeled by a combination of 
a power law and a black body multiplied by absorption, fixing 
the parameters for the absorption and power law to that found 
for the 6th orbit whose photon rate is closest to the aymptotic 
value found during orbit 1. The results for the time-resolved 
spectroscopy of the burst in XRT are presented in Fig. |5] The 
XRT data provide a rare opportunity to study a burst down to 
relatively low temperatures. This opportunity is facilitated by 
the combination of a burster with bright bursts, low persistent 
flux and low absorption, and an instrument that (compared to in- 
struments that mostly observe bursts) is sensitive, has low back- 
ground levels and covers sub-keV photon energies. It is possible 
to follow burst temperatures down to less than 0.5 keV and up to 
half an hour after the onset. There are no unexpected measure- 
ments for this burst, except for the long duration. The spectrum 
shows no narrow features for any choice of time interval, and the 
decay is as expected f or a UCXB with a low accretion rate (e.g., 
lin'tZand etal]|2007h . 

An interesting aspect is the occurrence of irregularities from 
a monotonic decay for the first two WFC bursts. This is sim- 
ilar to what is seen in som e other long bursts from UCXBs 
din 't Zand et al.ll2005L 120071) and is not explained. For certain, 
A 1246-58 is not a dipping source as dips should have been de- 
tectable in the persistent emission. 

From the 8 Msec WFC exposure time, the average burst 
recurrence time is very long: 23 ± 12 d, whi ch is consistent 
with a low-mass accretion rate (for details, see lin 'tZand et al.l 
l2007b. The cl osest observed burst pair had a 77 d recurrence 
time jLevine et al. 2006; Romano et al. 2006). 

We tested the BAT data for the occurrence of (quasi) pe- 
riodic signals, motivated by the positive detection with BAT 
of a 414 Hz burst osc illation in the UCXB 4U 0614+091 
dStrohmaver e t al. 2007), although we realize that chances for 
detection are small because of the six times smaller raw photon 
count rate during the burst peak. We selected BAT detectors that 
had > 50% exposure by A 1246-58. Such a selection improves 
the sensitivity through a decrease of the background by a factor 
of 3 at a mere 35% loss of source photon rate. The time reso- 
lution is 100 jUS. We searched the 13-25 keV photon rate with 
standard Fourier techniques (e.g., IStrohmaver et al.l l2007h and 
found no oscillations. The 2-sigma upper limit for a 1 Hz wide 
QPO is 8% rm.s. 

On M ay 26, 2006, a type -I X-ray burst was detected with 
the ASM dLevine et alj|2006l) lasting at least 340 s (there were 
4 consequetive dwells on the source) and a peak flux of 1.91 
Crab units averaged over the second dwell, which is equivalent 
to approximately 4 x 1 0'^ erg cm~^s~' (2-12 ke V). The peak 
temperature of 2.8 keV jKuulkers & Leving|2006l) is consistent 
with the measurements of the other bursts. 

3.3. X-ray spectrum of persistent emission 

We first concentrate on a subset of four observations that trace 
the flux range well and have good-quality spectra. These are the 
XMM-Newton, the Swift-XRT and two long PCA measurements 
at low and high fluxes (obsids 92020-01-04-00 [exposure time 
10752 s] and 92020-01-05-00 [8192 s] respectively). Figure |6] 
shows these spectra in calibrated flux units. It shows that only in 
the high-flux PCA observation curvature is detected that is not 
related to the low-energy absorption. Specifically, there is a high- 
energy cutoff. The three other spectra are fairly well represented 
by (absorbed) power laws, see Table |2l 
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Fig. 6. Calibrated-flux spectra of two PCA observations (green 
and blue data points, covering 3-20 keV), XMM-Newton/EPIC 
pn (black; for illustrative purposes only EPIC pn data are shown) 
and Swift-XRT (red). We choose to exclude sub-1 keV data from 
this plot to focus on the parts where the spectral changes are 
largest. 



Curvature may be introduced in the broad-band spectrum of 
the persistent emission from an X-ray burs ter throu gh a generic 
spectral continuum model (e.g. JWhite et a l. 1988; Mitsuda et alj 
119891; ISidoh et all l200lh that is a combination of a 'disk 
black body' (model d iskbb in XSPEC; Mitsuda etai][T984t 
iMakishima et aljri986l) and comptonizati on of soft phot ons by 
a hot plasma (model comptt in XSPEC; Titarchuklll994 . If the 
upper boundary of the bandpass is limited to 10 or 20 keV, it 
is difficult to constrain the comptonized component since the 
plasma temperatures are often higher than that boundary. If the 
optical depth is low, the comptonized component will, within the 
bandpass, simplify to a power law. Disk black body temperatures 
are generally lower than the plasma temperatures; the interpre- 
tation favors the above model only if the spectrum is concave 
pointing up. If it is concave pointing down (i.e., there is a high- 
energy cutoff), the break is more likely due to a detection of 
the plasma temperature. In our case, if curvature is detected it 
is always in the latter sense and the evidence for the presence 
of a disk black body component is not significant. A model is 
favored with just a single continuum component consisting of a 
comptonized component. All spectra are indeed consistent with 
this model. 

There is significant low-energy absorption in the spectrum. 
We modeled this by photo- electric absorp tion in a cold gas of 
solar abundances (following 'Lodders''2003') and with absorption 
cross sections according to Balucihska-Church & McCammo^ 
(|1992|) . The vphabs model in XSPEC is employed that allows for 
fitting abundances per element in the absorbing gas. While for 
most elements this did not result in significantly better fits. Neon 
is the exception. For any continuum model and for data cover- 
ing sub-keV photon energies, leaving free the Neon abundance 
yields better fits. We specify the best-fit Neon abundance with 
respect to solar, Znb, when appropriate. The relevance of Neon 
is visible in Fig. |2l which shows the XMM-Newton spectra fit- 
ted with a continuum model without leaving Znb free. The fit 
shows large negative residuals at 1 ke V that can be explained by 
the Neon K-sheU absorption edge with a larger-than-solar abun- 
dance. 



Table 2. Power-law fits to 4 spectra in Fig.|6] The high;^f^ value 
for the 'PCA high' spectrum points to the inconsistency with a 
power-law model. 



Parameter PCA low PCA high Swift-XRT XMM-Newton 



Date 

Bandpass 
Nn 

r 

Flux'^ 
X 



2006-08-21 
3-20 keV 
0.51 (fixed) 
n/a 

2.27 ± 0.02 
1.37 + 0.01 
0.8851 (37) 



2007-04-10 
3-20 

0.51 (fixed) 
n/a 
2.48 
4.85 

91.0^ (37) 



2006-08-11 
0.3-10 
0.459 ± 0.09 
3.3 ±0.4 
1.93 ± 0.03 
5.10 ±0.05 
1.209 (219) 



2006-08-31 
0.6-10 

0.577 ± 0.002 
1.89 ±0.06 
2.348 ± 0.006 
0.887 ± 0.003 
1.3451 (1891) 



*in units of 10'^ cm ^; '2-10 keV absorbed flux, in 10" 



erg cm ^s '; 



'^The reduced is so high that we refrain from quoting errors on fitted 
parameters. 

Table 3. Best-fit parameters for single component spectra. A 
disk geometry is assumed for the comptonized spectra. 

Swift-X RT+PCA(high ) / comptonized 
A'h (10"' cm'-^ 



kTo (keV) 
kFe (keV) 

T 

Xl (dof) 

Flux* 2-10 keV (absorbed) 
Flux* 0.3-10 keV (absorbed) 



2.1 ±0.3 
5.9 ±0.9 
0.26 ± 0.02 
2.39 ± 0.04 
7.00 ±0.13 
1.034 (255) 
4.94 ± 0.06 
6.70 ± 0.07 



Flux* 0.3-10 keV (unabsorbed) 7.72 

Flux* 0. 1- 100 keV (unabsorbed) 8.90 

Swift-XRT+PCA(high) / comptonized + disk black body 
A-v(dof) 1.035 (254) 

XMM-Newton {RGS+EPIC-PN+M0S2 ) / comptonized 



cm 



Nh (10"' 

kro 
kr^ 

T 

xl (dof) 
Flux* !■ 
Flux* 
Flux* 0. 

Flux* 0. 1- 100 keV (unabsorbed) 2.437 

XMM-Newton (RGS+EPIC-PN+MOSl) / power law 



-lOkeV (absorbed) 
1.3-10 keV (absorbed) 
1.3-10 keV (unabsorbed) 



(2.53 ± 0.03) 
2.86 ±0.15 
0.260 ± 0.003 
288 

0.0190 ± 0.0005 
1.3304 (4657) 
0.888 ± 0.004 
1.361 ± 0.003 
1.671 



cm^ 



A'h (10 

r 

xl (dof) 
Flux* 2- 
Flux* 

Flux* 0.3-10 keV (unabsorbed) 3.015 
Flux* 0. 1-100 keV (unabsorbed) 5.75 
PCA ( low ) I power law 



-lOkeV (absorbed) 
1.3-10 keV (absorbed) 



(5.78 ± 0.03) 
1.95 ±0.05 
2.359 ± 0.005 
1.398 (4659) 
0.886 ± 0.004 
1.356 ± 0.003 



A'h (10" 
F 

xl (dof) 
Flux* 2 
Flux* 

Flux* 0.3-10 keV (unabsorbed) 2.63 
Flux* 0. 1-100 keV (unabsorbed) 4.89 

*in 10"'" erg cm^^s"'. 



^' cm-^) 



-lOkeV (absorbed) 
1.3-10 keV (absorbed) 



< 0.3 

unconstrained 
2.26 ± 0.02 
1.226 (37) 
0.91 ± 0.02 
1.356 ± 0.003 
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Fig. 7. Spectrum of A 1246-58 as measured with RGSl (red), 
RGS2 (black), EPIC PN (green) and MOS2 (blue). The upper 
panel shows the spectra with the fitted comptonized model with 
a Neon abundance fixed to the solar value, the middle panel the 
residuals in terms of model ratio and the lower panel the residu- 
als after leaving free the Neon abundance. 



We analyzed the Swift-XKT and PCA high-flux spectra si- 
multaneously . Since the fluxes are so similar (Table |2]l, as are 
the spectral shapes in the overlapping 3-10 keV band (Fig. |6]l, 
the spectral shape is assumed to be the same in both cases. To 
allow for the slightly different fluxes, a normalization factor is 
introduced between both data sets. The results of the fits are pre- 
sented in Table [3] As a test, a disk black body is added and it is 
found that the fit does not improve (see TableO. 

The X-ray spectra from XMM-Newton probe the lowest 
fluxes, which, in a sense, is fortunate because these are the most 
sensitive data. However, the analysis of these spectra is cumber- 
some. The fit with a comptonized model is slightly better than 
with a power law, see Table |3] with a plasma temperature above 
the bandpass, but none of the models provide satisfactory fits. It 
is suspected that this is mainly due to calibration uncertainties 
rather than to incompleteness of the models. This is most clearly 
illustrated by the inconsistencies between the results of pairs of 
instruments. For instance, there are clear deviations between the 
RGS and CCD spectra and between both CCD spectra above 5 
keV. Furthermore, the deviations between the CCD spectra and 
the models (see lower panels in Fig. |7]i show a jump at 2.3 keV 
that is coincident with a jump in the effective area for both in- 
struments. This jump is related to the telescope mirrors and we 
refrain from interpreting this as a true effect in the spectrum of 
A 1246-58. If the spectra of all instruments are individually mod- 
eled, introduction of systematic uncertainties of 5, 3, and 1 % can 
lower xl to an acceptable 1 for EPIC MOS, PN and RGS, re- 
spectively. Thus, the timing-mode M0S2 spectrum seems most 
in need for a refined calibration. The apparent uncertainties in 
the calibration make us hold back from interpreting the details 
of the spectra. We only consider relevant the results of the gen- 
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Fig. 8. (Upper two panels) plasma temperature and optical depth 
for a fit of a comptonized spectrum to the 3-20 keV PCA moni- 
toring data as a function of 2-10 keV (absorbed) flux. (3rd panel) 
photon index for a power-law fit. (last panel) Goodness-of-fit 
values for power law (crosses) and comptonized fits (filled cir- 
cles). Errors are single-parameter Icr values and underestimate 
the true error when;^'^ is far from acceptable (for the power- law 
fits for fluxes above 2 x 10""^ erg cm^^s"'). 



eral continuum model and the high-resolution features seen in 
the RGS spectrum. 

There are no narrow spectral lines in the high-resolution 
RGS spectra. Typical upper limits on the equivalent width of 
narrow lines are 3 eV at 1 keV (with coverage by only RGSl) 
and 2 eV at 1.2 keV (with coverage by both RGSs). However, 
absorption edges are clearly detected and these high-resolution 
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Fig. 9. This panel shows a 35"-wide part of U-band image from 
XMM OM. Images per orbit were added after determination of 
the relative shifts (in units of integer pixels) from stars visible 
in each image. T he counterpart to A 1246-58 is encircled (c.f., 
iBassa et al.l2006h . The position is calibrated through astrometric 
comparison with archival discovery data of the optical counter- 
part and is accurate within (y.'S. 



spectra provide the most accurate means for abundance deter- 
minations. The K-edges of neutral O and Ne (at 0.538 keV and 
0.870 keV, respectively) and the L-edge of neutral Fe (0.7 keV) 
are significantly detected. To avoid complications in modeling 
these edges due to the various other manifestations of these el- 
ements (ionized spe cies, atoms contained in dust particles; e.g., 
iKaastra et alj|2007h . we determined the edge depths by zoom- 
ing in on them and ignoring data at the exact energy of the 
edge. Thus, we only analyzed the following ranges of photon 
energy: 0.480-0.524 and 0.550-0.600 keV for the O K-edge; 
0.600-0.690 and 0.710-0.800 keV for the Fe L-edge; and 0.700- 
0.850 and 0.880-1.100 keV for the Ne K-edge. The continuum 
model is fixed to that found from all XMM-Newton data, how- 
ever, we left free the power-law normalization (see Table [3]) and 
the abundances of the three elements in question, fitting each 
of the 3 edges separately. The 'Cash' statistic (Cash. 1979 ) was 
used to find the best fit. The results are: Zq - 0.974 + 0.041, 
Zpe = 1.449 + 0.097 and Zns = 1.586 + 0.128. The value for Ne 
differs 2.6cr from the combined EPIC/RGS analysis. T he Ne/O 
abund ance ratio with respect to solar (as prescribed by iLoddersI 
120031) is 1.62 + 0.15, 4cr above solar. 

We provide the results of modeling the PCA monitoring data 
in Fig. |8] We modeled the data with an absorbed comptonized 
spectrum as well as an absorbed power law. This again shows 
that the spectra for the higher fluxes are only well fitted with 
the comptonized spectrum. The power-law fits fail for 2-10 keV 
fluxes above 2 x 10"'" erg cm^^s"'. In other words, it is above 
this flux threshold that the plasma temperature drops below the 
20 keV boundary of the bandpass. 



3.4. Optical photometry 

A U-band exposure taken with the XMM-Newton OM (exposure 
time 36 ks) is shown in Fig.|9] The optical counterpart to A 1246- 
58 is clearly detected. It is blended with a nearby star, which 
precludes an accurate assessment of the U-band brightness. A 
photon list was recorded for a 22x23 pixels part of this image, 
which includes the optical counterpart, with a time resolution 
of 0.5 s. We extracted the photons from a region that includes 
the counterpart and excludes as much as possible the blended 
star The selected set of 2404 photons (for an average rate of 
0.067 s"') was explored for periodicities using Fourier power 
and epoch-folding techniques. No periodicity was found up to 
20x10^ s, with an upper limit of about 5% in amplitude (0.05 in 
uncahbrated magnitude). 

3.5. Optical spectroscopy 

Figure[TO] shows the combined VLT spectr a of objects A a nd X 
(the two blue objects in the field found bv .Bassa et al.l2006 ). The 
hydrogen Balmer lines Ha up to H9 are seen in the spectrum of 
star A. Due to the strong pressure broadening it is clear that the 
star is a white dwarf. A comparison of its spectrum to hydrogen 
atmosphere models by Pierre Bergeron (2003, private communi- 
cation) indicates that it is of spectral type DA7 and possibly has 
a surface gravity, log g ^7, that is low for a white dwarf. 

The spectrum of object X, the optical counterpart to A 1246- 
58, is featureless except for absorption features, which can be 
attributed to telluric absorption and are also seen in the spectrum 
of object A. In order to quantify the presence or absence o f spec- 
tral features we follow the method employed by Neleman s et al.l 
(|2004|); we determine equivalent widths (EWs) for different 
spectral ranges. This is done by fitting a straight line to the 25 A 
regions of the continuum on either side of the spectral range in 
question and this model for the continuum is subtracted from the 
data points inside the spectral range. By computing the weighted 
average of these datapoints and combining it with the width of 
the spectral range we obtain 'area' of the spectral feature that 
may be present and use it to define the EW. Using this strategy, 
no assumptions about the shape of the spectral feature have to be 
made. 

In Table H) we list detections and upper limits on the equiv- 
alent widths of several hydrogen and helium lines, which are 
routinely seen in optical spectra of classical X-ray binaries and 
cataclysmic variables. We do not detect any significant (upto 
3cr) hydrogen and helium emission or absorption lines. The He i 
at 5876 A feature is detected at 4cr, though this measurement 
may be aff'ected by telluric absorption. Equival ent widths were 
also d etermined for spectral ranges specified in lNelemans et al.l 
(12004 . These ranges can be attributed to features of carbon and 
oxygen, and several of these features are detected. 

Before each spectral observation, a B or /?-band acquisition 
image was obtained. These images were bias-substracted and 
flat-fielded and instrumental magnitudes for stars on these im- 
ages were determined through point-spread-function (PSF) fit- 
ting. The instrumental magnit udes were calibrate d against the 
BVRI observations described in lBassa et al.l ( |20()6l) . We find that 
on April 29, 2006, the optical counterpart to A 1246-58 had 
B = 19.89+0.03, which is 0. 22 +0.04 mag fain ter than during the 
observation in March 2000 ( Bassa et al .120061) . The R-hmd mag- 
nitudes are/? = 19.52+0.05 on May 5, 2006 and/? = 19.55+0.03 
on January 1, 2007, which are again 0.22 + 0.04 mag fainter than 
during the 2000 observation, in accordance with the higher X- 
ray flux found in 2000 than in 2007 (see Fig.|3]l. 
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Fig. 10. We show the optical spectrum of object X, the optical counterpart to A 1246-58 and object A, and the nearby blue star. Both 
spectra are binned by averaging each consecutive pair of data points. Typical uncertainties in the flux of both objects are shown at 
4500 A, 6 100 A and 8000 A. The vertical lines above the spectrum of object A indicate the wavelengths for the hydrogen Balmer 
lines from Ha upto H9. The vertical lines below the spectrum of object X indicate the wavelengths at which helium I lines (solid) 
and the helium II line at 4686 A (dashed) are located. Regions where telluric absorption is present are denoted by the horizontal bars 
above the spectrum of object A. 

Table 4. Negative equivalent width (-EW) measurements and upper limits (3cr). Negative -EW measurements denote absorption 
features, positive emission. The upper limits are limits on both absorption and emission features 



Line 


A 


Spectral range 


-EW 


Line 


Spectral range 


-EW 


Line 


Spectral range 


-EW 




(A) 


(A) 


(A) 




(A) 


(A) 




(A) 


(A) 


H(5 


4101 


4091-4111 


<0.98 


Cm 


4624-4680 


1.73+0.44 


On 


4680-4720 


< 1.10 


Hy 


4340 


4330-4350 


< 0.87 


Cii 


5110-5165 


-2.88 + 0.40 


On 


4900-4960 


< 1.33 


Hp 


4861 


4851-4871 


< 0.77 


Cm 


5230-5310 


4.81 ±0.52 


On 


5160-5220 


2.25 + 0.44 


Ha 


6563 


6552-6572 


<0.64 


Cm 


5675-5715 


< 0.87 


Oiii 


5550-5620 


2.72 + 0.54 


Hen 


4686 


4676-4696 


<0.76 


Cm 


5785-5840 


<0.99 


Oi? 


8180-8260 


2.90 + 0.47 


He I 


4713 


4703^723 


<0.78 


Cii? 


6040-6120 


< 1.13 








He I 


4921 


4911-4931 


<0.75 


Cii 


6130-6180 


<0.87 








He I 


5015 


5005-5025 


<0.78 


Cii 


6550-6600 


<0.94 








Hen 


5411 


5401-5421 


<0.69 


Cm 


6700-6760 


<0.86 








He I 


5876 


5866-5886 


0.80±0.2P 


Cn 


6760-6820 


1.79 + 0.29 








He I 


6678 


6668-6688 


<0.49 


Cii 


7210-7260 


4.67 + 0.32 








He I 


7065 


7055-7075 


<0.50 


Cm? 


7700-7750 


1.16 + 0.36 








He I 


7286 


7276-7296 


< 0.67 








Possibly affected by telluric absorption 



4. Discussion 

The optical spectroscopic data do not show features from hy- 
drogen. We regard this as support of the UCXB proposition by 
iBassa et all (l2006h . Time histories of X-ray or optical flux failed 
to find periodicities that would unambiguously confirm the ul- 
tracompact nature through a measurement of the orbital period. 

The spectral analysis of the 4 good-quality X-ray spectra 
finds that the 0.1-100 keV unabsorbed flux varies between 2.4 
and 8.9x10"'" erg cm^^s"' . The ASM data provide the best mea- 
surement of the average persistent flux. If we scale the spectral 
results of the low-flux XMM-Newton spectrum to this flux and 
assume the same comptonized spectrum, A 1246-58 on average 
shines at 2.6 x 10"'" erg cm"^s"' (0.1-100 keV; unabsorbed). If 
the peak bolometric flux of the X-ray bursts ( ^ 1 0"^ erg cm"^s" ' , 
see Fig.|4|i is equal to the Eddington limit (this statement is accu- 
rate to perhaps 10%; e.g.. lGallowav et alj2006h . then the average 



persistent flux translates to 0.26% of the Eddington limit and the 
maximum flux to 0.9%. These numbers have a limited accuracy 
due to the extrapolation to 0.1-100 keV from the 0.3 to 20 keV 
bandpass (accurate to roughly a factor of 2; see power-law and 
comptonized-spectrum results for the XMM-Newton spectra in 
Table [3]) and the uncertainty in the inclination angle of the ac- 
cretion disk. For an inclination angle of 90° the observer views 
the disk from the side and will measure a low, if not negligi- 
ble, accretion flux. There are no signs of dips nor eclipses in 
the X-ray flux, im plying that the inclination angle ; is at most 
70° (lHornelll985h . Thus, the coiTection factor to derive the ac- 
cretion flux from the observed flux is at most 3 (=l/cos70°). 
Combining both uncertainties, the ratio between the persistent 
flux and the Eddington limit is accurate to within a factor of 
4. This is a constraining measurement since it is significantly 
below the 2% threshold, a regime in which persistent sources 
are expected to be UCXBs. Therefore, this measurement is con- 
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sistent with the UCXB nature of A 1246-58. The 2% thresh- 
old is empirically determined (of all LMXBs with measured or- 
bital periods, only UCXBs occupy this regime in 'tZand et al. 
|2007|) and qualitatively explained by the smaller accretion disks 
in UCXB needing a smaller uradiation flux to remain in a hot 
high -viscosity state tha t sustains accretion onto the compact ob- 
ject (Ivan Paradiislll 996). 

The spectral changes of A 1246-58 (see Fig. [8l) are simi- 
lar to what is observed in other LMXBs (e.g.. [Gladstone et al.l 
120071; iDone et all l2007h . One explanation is that at the low- 
est mass accretion rates the inner disk is truncated, leav- 
ing a hot inner flow with a ho t optical thin bo undary layer 
dMever & Mever-Hofmeistedl994; Naravan & Yi|[r994) . As the 
accretion rate increases, the disk moves in and changes the 
hot (high kT^e) optically thin (low r), geometrically thick in- 
ner flow to a cooler (low kre), optically thick (high r), geo- 
metrically thin disk (e.g., Esin et al.l 11997 ). The Lboi/i-Edd ra- 
tio at which this happens (~ 1%) is roughly consistent with 
observ ations of other LMXB s that descends that far in lumi- 
nosity (i Gladstone et al.l 12007 *). If the accretion rate would have 
approached the Eddington limit, presumably r would have be- 
come so large that the comptonized spectrum transforms into a 
black body spectrum. That does not happen in A 1246-58. One 
should note that our bandpass is limited. There may be additional 
spectral components above our 20 keV bandpass limit due to 
comptonization e lsewhere in the binary (e.g.. Done et al. 200^ 
iPaizis et al.ll2006l) or below 0.3 keV in the form of a cool disk 
black body. Finally, we remark that the spectra do not seem to 
suggest that UCXBs behave diff'erently from non-ultracompact 
LMX Bs. The fact that UC XBs generally have harder spectra 
(e.g., lin 't Zand et al.ll2007h is likely because they reside at low 
enough accretion rates for a longer fraction of the time. Non- 
ultracompact LMXBs are only in that regime when they are tran- 
sient and in the final decay phase of an outburst. 

We find a larger-than-solar Ne/0 abundances ratio. The ratio 
is 62% higher than solar with a significance of 4cr. High Ne/O 
ratios have also been measured f rom other UCXBs employ - 
ing XMM-Newton and Chandra (lJuett & Chakrabartvl l2003l) . 
However, it was found that the Ne/O ratio tends to change 
from observation to observation with accompanying chang- 
ing continuum fluxes. Sometimes those changes would make 
the value consistent with t he solar value. This was interpreted 
(lJuett & Chakrabartvll2005h as the result of different ionization 
effects on Ne and O, which would nullify the use of the Ne/O 
ratio as a possible diagnostic for the composition of the donor 
atmosphere. The same appears to be the case in A 1246-58: the 
Swift-XRT spectrum shows a different Ne abundance, pointing 
to a different Ne/O ratio. 

From a comparison of 0. 1 - 1 00 ke V BeppoSA X spectra of 10 
LMXBs in globular clusters, ISidoh et akl (1200 Ih found a spec- 
tral diagnostic to discriminate ultracompact cases against non- 
ultracompact ones. In a model consisting of a disk black body 
and a comptonized component, only in UCXBs does the inner 
temperature of the disk black body resemble the temperature of 
the seed photons of the comptonized component, and only in 
UCXBs are the inferred disk radii physically realistic (i.e., equal 
to what is expected for the radius of the inner disk edge). We 
are unable to find evidence for a disk black body component 
in A 1246-58, preventing us from verifying this diagnostic in 
A 1246-58. 

The source A 1246-58 sofar exhibited 7 type-I X-ray bursts. 
Most bursts are intermediately long (i.e., tens of minutes) as 
would be expected for UCXB if the accretion rate is less than 
about 2% of Eddington din 't Zand et al.l 120051 : ICumming et alj 



l2006Hin 't Zand et al.ll2007l) . The two latter WFC bursts (Fig.© 
are relatively short (a few minutes). These happen to have oc- 
curred during a period when the accretion is showing enhanced 
flaring behavior (Fig.|3]l. A similar effect is seen more clearly in 
4U 0614-1-091 (Kuulkers et al., in prep.). The most likely expla- 
nation is that the enhanced flaring is effective in heating up the 
neutron star crust to such a level that flashes are ignited more 
quickly (within days instead of weeks), flash layers are thin- 
ner (by an order of magnitude), and as a result flash durations 
shorter (by the same amount). A quantitative analysis of this ef- 
fect may be instrumental in determining worthwhile constraints 
on the crust, but the analysis requires larger numbers of bursts to 
enhance the statistical significance. 

Quick follow-up of one burst with Swift-XRT allowed us to 
track the burst to relatively deep levels and show that the bursts 
last up to 30 min with temperatures going down substantially 
below 1 keV. To our knowledge, this is the first time that a burst 
has been tracked down to these cool regimes so accurately and 
we find no unexpected behavior 

The X-ray light curve is typical for an UCXB (c.f., 
lin 't Zand et al.ll2007l) : a tranquil component that changes on a 
timescale of a year, and a flaring component with a timescale 
of a week. This typical behavior may be related to the p robably 
low q - Mdonoi /A/accretor valuc (sce lin 't Zand et al]|2007l) . A low 
q value makes the accretion disk prone to warping and preces- 
sion (giving rise to fo r instance the su perhump phenomenon in 
cataclysmic variables; I Whitehurstl 198 8; Pringle 1996). There is 
another interesting aspect of the PC A light curve (Fig.[3]bottom 
panel): the peak levels of the flares decrease at a pace 60% 
over 1.5 yr) that is similar to the gradual decrease of the tran- 
quil level. This suggests that the aspect angle of the accretion 
disk to the observer is gradually changing. In other words, a 
tilted accretion disk is undergoing a nodal precession with a 
period that is larger than the 1.5 yr time span of the obser- 
vations. Nodal precession has been confirmed in a numb er of 
other X-ray binaries; famous cases are Her X-1 ( lKatzlll9'73h and 
SS 433 (e.g., ,Katz.l980;) . Such precession is thought to be re- 
sponsible for some super-o rbital periods in LMXB light curves 
(iPriedhorskv & Holt! 1 19871) . The ASM Hght curve of A 1246- 
58 shows 2 periods of increased fluxes peaking at roughly 2000 
and 2005. Perhaps 5 yr is a superorbital period. Such a pe- 
riod would be very long i n comparison to other LMXBs (c.f. 
IPriedhorskv & Holt! 119871; IWen et al.1 l2006h and wo uld imply 
an unlikely low donor mass (i.e., less than 10"^ M^: iPattersonI 
200 1 ), but would not be unprecedented (G X 3+1 appears to have 
a 6-yr period, see iden Hartog et al.ll2003h . We are unable to de- 
termine the period and verify the nodal-precession idea any fur- 
ther An interesting test against it would be a measurement of the 
recurrence time of X-ray bursts. For insta nce, 4U 1820-30 has 
a half -year super-orbital flux modulation ( Priedhorskv & Terrelll 
11984 ." This can be attributed to a modulation of the accretion 
rate be cause the X-ray bursts recurrence shows a simi lar modu- 
lation (IChou & Grindlavll200ll:ICornelisse et al.ll2003[) . The rate 
of X-ray bursts in A 1246-58 is too small to test whether the 
same behavior applies as in 4U 1820-30. 
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